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Title: 



MULTI_LAYER SCREHN AND DOWNHOLE 
COMPLETION METHOD 



Field of the Invention 

[0001] The field of this invention relates to downhole screens, which can be 
expanded into contact with the formation. 
Background of the Invention 

[0002] Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various fibrication techniques have been developed for manufacturing such 
screens and a typical example is illustrated in US Patent 5,61 1,399. 
[0003] More recently it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along the screen, which, in 
turn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent :6,012,522. In this patent, overlapping segments of screen are 
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p,aced on a base pipe, which is ultimate,, *» ««* *» ^ " 

position in foe well bore or a M The shortcoming of this technique is mat 
po^of^ffl^gmaterisl^hemovedrel^e^eachome, which subject 

fcem to tearing which in turn can result in a failure of foe expanded semen assembly 
to oonirol foe production of sand. Anofoer shortcoming of such designs is me limited 
capacity to withstand collapse. 

100041 Other patents Anting to pipe expansions are: U.S. Patent 5*01,789 and 
5,366,012. 

[00051 The main objective of foe present invention is to allow easy installation of me 
aceen to me deallocation followed by expansion to rednce me volume of the 
annular space around me screen. Ye, anofoer object of me invention is to expand the 
screen against the formation to entirely eliminate the annular space around it Yet 
another objective of the present invention is to allow the use of to sunctore of me 
screen downhole even, without expansion. Another objective of me preset invention 
is to decrease the amount of stress on the nitration member when expanded. Yet 
another objective of*, present invention is to provide a sigmficandy stronger 
sonrcture for the finished product, which even after expansion presents a greater 
reaistanco to collapse: Another object of the dnvention is to provide, ::* much as 
possible, uniformity in the opening size of foe filtration layer after foe assembly is 
expanded. Another objective is to provide sufficient strength in foe assembly, after 
expansion to allow it to better resist differentiahpreasmes. Still another objective is to 
reduce foe effort required for expansion and to stage foe overall expansion in discrete 
steps. These and other advantages of foe present invention will be appreciated by 



2 



WO 02/23009 



PCT/USOl/27581 



those skilled in the art from a review of the description of the preferred embodiment, 

which appears below. • 

CTTMMARY OF TTTE INVENTION. 

[0006] A downhole completion method and an expandable filtration apparatus are 
disclosed. The filter assembly comprises a plurality of layers beginning with a coated 
perforated base pipe, The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it from burrs in the base 

pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 

protects the assembly during run in. The assembly can be used as made or expanded 

downhole in one or a series of expansions. t 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Fig. 1 is cutaway view, partly in section; showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2_2 of Fig. 1. 

[0009] Fig. 3 is a section view of a first step in a multi step expansion: of the filter 
assembly. ■ 

[0010] Fig. 4 is a section view of a second step in a multi step expansion of the filter 
assembly »; 

[0011] Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of : the present 
invention. 

g^TATi rcn nyRfttlPTTON OF THE PREFE RR ED EMBODIMENT 
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[0012] Referring to Fig. 1, the various layers o£ the preferred embodiment are shown. 
Tne innermost layer is a perforated base pipe 10, which has a plurality, of openings 
12. Base pipe 10 provides a firm foundation ft* the layers above. The pattern of me 
holes 12 is optimized to strike the best balance between collapse resistance after 
expansion and nfinimization of the force required to expand this layer and those 
positioned outside it, as will be described below. This optimization allows expansions 
in the range of up to about 30%. The base pipe 10 can have threads 14 and 16 at 
opposite ends to allow sections of the filter assembly A to be secured together, giving 
greater torsion and tension strength for the filter assembly A. A coating 18 made 
preferably from a plastic material can be applied to the inside of the base pipe 10. The 
Wbitford Corp. manufactures the coating under the name Xylan 1052.Ultimately, 
when an expander 20 (see Fig. 3) is moved through base pipe 10, the coating 18 will 
reduce the required expansion force. The greater collapse resistance of the base pipe 
10 promotes borehole stability after expansion. The optimization of the .openings 12 
promotes the highest expansion rate for a given material for base pipe 10 while still 
leaving sufficient inflow area through the pipe openings or perforations 12. Using 
round, rounded, or oval opening instead of slots provides for a mechanically stronger 
filter assembly A In the preferred embodiment, the coating 18 is Xylan and it can 
provide a reduction in required force for a given expansion by as much as 50%. The 
coating 18 also helps resistance to galling by the expander 20 or i subsequent 
expander such as 22 (see Fig. 4). 

[0013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe 10. and filtration layer 26. The drainage layer 24 promotes flow 
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the filtafioo .ay. 26 and the openings 12 of the base pipe 10. * «. 
^ embodiment, the W *« * *.a weave, se!ected torn a broad array 

of A braided weave desfcr is correnuy — * 

p^^be^Tbe^e^nudenalisav^lefiomJerseyHoseaa.^ 304 

SS Braid 600 304B. Tta drainage layer 24 protects Ore filtration layer 26 from burrs 

* production, ^ presence of Ure drainage Uyer 24 provides sectoral support 
& r the filtration layer 26. The braided wire drainage layer 24 could be substituted 
■ wifc a sbroud of some type, a*n to oater shroud 34, mat would have standoff fiom 
the base pipe 10. 

10014] Mounted over-.be drainage layer 24 is the filtration layer 26. The filtration 

wea ve. Tins material gives very reliable uniformity to the opening size, after 
a in this manner mere can be confidence in the parade size, which will no, 

of m. many parades. As shown in Fig 1, the filhution layer 26 is oriented at an 
angle to the longtadinal axis of the filter assembly A. This angle can bain the range 
of about 10 to about 80 degrees wim about 20 degrees being preferred. Orienting me 
filtering layer 26 at in angle allows mtamizauo. of change in opening size and 
ooiformity, renting .from expansion. Tie Dutch Twin weave provides greater 
durability and particle holding capacity. Negative effecU on hole size and uniformity 
as a result of expansion are farther minimized by using a reverse weave.Twill Dutch 
pattern. A reverse weave is one where me diameter of the weft (state) wires 28 is 
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mgul ar ptocument of* fi«rauon layer 26 by a spirs! winding technique coupled 
*■> a reverse weave yields a more p^dictoMe and uniform opafing sizo after 



,00151 Mounted overithe filtration layer 2o to the filtration enhancement layer 32. 
This layer promote* greater flow conductivity ftom me outmost layer, me outer 
^ ud 34.Uye I 32^.aeoa K e fi l te r to layer26aadp K .loo6 S meU 1 eof fi l t ra t ioo 

.ayer 26. This can be seen to me graph of Fig.6, where me addition of Are filtmuon 
icemen, layer is carve 36. The same A. assembly A of the prase., invention 
but without the filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
^eots the performance of a known product made by Baker Hughes called 
Excluder. Fig. 5 readily demonstrates that the addition of toe filtration enhancement 
1 ayer32nearlyu4plestoatonei«hdces to bufldupabaekpressureof40PSI G fcrthe 

flow conditions; Leaving out toe filiation enhancement layer 32 also makes 
mat version of the present invention perform somewhat comparably to toe known 
Excluder design. Several different weave typas are suitable for layer 32 such as: 
„». weave. Compound Balanced, Tight Took, and Braided Weave, A suitab.e 
Compound Balanced .material is available fiom Porous Metal Products, model • 
CB 3 96 192_21/24.".A metallic material is ptdferred. 

[00161 The outer shroud 34 is preferably formed from spirally windings perforated 
sheet into a tube. The hole size and pattern is optimized to facilitate expansion and ye. 
provide sufficient collapse resistonco to toe expanded sto.e. It is desbed to have toe 
inflow area of toe openings maximized but to Into, toe opening size and use a 
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^ggered patiem so tot to outer shroud will not bucHe or tear, when expanded. The 
p^ purpose of to outer shroud 34 is to protect to layer befow fiom damage 
during run in. 

,0017, Toe layers oan be jotod togetor by swaging to reduce to outaide dianretor 
ofton.ter^.y^Swag^abon^tovario^Uyera.ot^ouewimr.gard 

* expansion - provides greater sbength agaiost couaps. after expansion. I. . 

» anneal to components individual!, before swaging or to anneal to 
Station assembly A after all to component have been assemble* Doing Otis 
p^fc a greater degree of expansion witout failure. This benefit is particularly 
a p P Hc*letotobas.p^lO.Tbetypeof a me^^oned>aaolu«ion<m^ 

to 1800 degrees F. Armealing of to base pipe 10 is don. before applying to coating 
» due to to inability of to coating 18 to withstand to annealing temperatures. 
Sinteringcanbeusedinsteadof swagmg to join to layem togetor. The layers are 
pmferably demoted in to foUowing manner: , to braided wire of suitable drainage 
layCT 24 is placed on to base pipe 10 which baa previously been drilled with holes, 
coated and threaded, Then, to filtration layer 26 is wrapped at an angle over to top 
of to drainage layer 24. Another layer, called to filtration enhmtcemem layer 32 is 
pieced over to top of to filtration layer 26. Then, an outer shroud 34 is placed over 
.he filiation enhancement layer 32 ami to tot* package is run through a set of dies 
tot swages or forces all components to vigorously contact each other. . 
[00181 The filter assembly A has to advantaged superior performance, whether it is 
expanded dowobole of not If it is not expanded; it can be gravel packeu in to known 
manner. Figs. 3 and 4 illustrate a unique stepwise expansion technique. In a first 
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step, an expander 20 which may be a fixed cone or a cone with variable diameter is 
moved downwardly through the filter assembly^ to achieve about a 15% expansion. 
At the lower end of the filter assembly A a cone latch 42 engages a fixed or variable 
diameter expander or :cone 22 to increase the overall expansion to as much as 50%. 
As previously stated,: more expansion steps can be used and different degrees of 
step_wise expansion and overall expansion can be obtained with this technique. It 
should be noted that the second expansion does not necessarily have to proceed in a 
direction opposite the first expansion. 

[00191 There are many applications of the filter assembly of the present invention. In 
horizontal open hole completions there are usually more than 1,000 feet of contact 
with the productive formation, sometimes in excess of 9,000'. Because there is so 
much contact the amount of production per foot is very low. In most cases if the 
theoretical production per foot was traveling into a screen directly opposite of the 
formation then the velocity would be too low to transport sand from unconsolidated 
formations or cause erosion. There are many wells in which erosion is .taking place 
and sand is being produced. Presently there are a couple of theories that explain this 
occurrence. First the formations may be so unconsolidated that they simply fall apart 
when the pressure in the well bore used to control the well during I drilling and 
completing the well is removed. This is referred to as hole or formation: collapse. A 
second possibility is that fluid flows along the path of least resistance. This may be 
on the inside of a screen that is in place or along the outside. As the flow proceeds 
towards the beginning of the open hole section, the accumulative effects of 
production means the .velocity is much higher towards the top section (beginning) of 
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the screen to transported and to erode the fcrinauon and screen. 

^nrimntal well the annulus:betweea the 
[0020] By expanding screen in an open hole Horizontal wcu ui 



screen 



^dfte todonembegreattyredueedoreveoelinmatod.. Reduction of <he 
«ta. mean, greater resistance to flew and therefore production flow is reduced on 
toe^orofthesereenandincreasedouiheinterior. The reduction in exterior flow 
me ans lower velocities near the well bore and therefore less sand transportability and 
less erosion effects. s 

[0021] Expansion can also aid in formation stability by physically supporting the 
formation if the screen is expanded until it is touching the formation. This support in 
turn could prevent the: collapsing of the formation when the pressure in me well bore 
is reduced. 

. [0022] IncasedholeappUcationsffltrationassemblyAoffers 
inside diameter for remedial work below its installation. Another advantage is that in 
frac packs and gravel packs all that is necessary to do is to place the proppant or sand 
in the perforation tunnels and formation fractures. Annular packs between the screen 
and the casing, which are often difficult to achieve, are not necessary since expanding 
screen removes this annulus. The filter apparatus A could also be used in conjunction 
with a frac pack or gravel pack and subsequently expanded to back fill any voids in 
the annulus I pack or perforations not tilled. 
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We claim: 

1. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside .surface, a longitudinal rah, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. Hie assembly of claim 1, wherein: 

said filtration layer and said base pipe are individually annealed prior 

to being joined together. 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: : 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 
degrees F. 

5. The assembly of claim 1, wherein: : 

said inside surface of said base pipe is coated to reduce the force 
needed ifor subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

7. The assembly of claim 6, wherein: 
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said staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 

9 The assembly of claim 6, wherein: : 

dimension. 
10. The assembly of claim 6, wherein: : 

said filtering layer comprises aweavehavtogweft and warp wires 
wherein one of said weft and warp wires is disposed a. an angto of 
abon, 1M0 degrees with respect to toe longitudinal a*of said base 
pipe, i 

11. The assembly of claim 10, wherein: « 

said weft wires have a .arger diameter tan sard warp wires by as 

much as about 50%. 
II. The assembly of claim 10,whereto: 1 

said at least one filtration layer further comprises a woven drainage 
layer on said base pipe and a main filtration layer, said drainage layer 
protecting said man ffimfion layer ft,mbnrm to opemngsm said base 
pipeandpmvidlngmecham^snpportforsatomatoffltmtiontoyer. 

13. The assembly of claim 12, further comprising: 

a ffltration enhancement layer mounted over said main nitration layer 
a„d former comprising a weovevsaid drainage layer and said filtration 
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enhancement layer are spirally wound to orient wires therein in 
substantial alignment with said wires in said main filtration layer. 

14. The assembly of claim 10, wherein: i 

said openings in said base pipe are round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 

said inside surface of said base pipe is coated to reduce the force 

neededifor subsequent expansion. 

16. The assembly of claim 15, wherein: i 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe, ■ 

19. The assembly of claim 18, wherein: I 
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said layers 



each bring annealed to &cttitete subsequent expansion 



downhole; 

said filtrauon layer and said base layer are swaged togefcer and said 
^eaUng ftnther comprises solution annealing at up to about 1800 
degrees F. 

20. An expandable filter assembly for downhole use, contprisingr 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at ieast one filtration layer monnted over said base pipe; and 

an expander capable of muM-stoge expa^ion of said base pipe and 

said filtration layer. 

21. The assembly »f claim 20, wherein: i 

S a i dbaaepipeisexpandeainstogeauptoabou,30%ab.vei B ongh U l 

dimension. 

22 The assembly »f claim 20, wherein: i 

said layers each being annealed to feciUtate subsequent expansion 

downhole; 

said filtration layer and aaid base layer are swaged together and said 
auuealing further comprises solution annealing at up to about 1800 
degrees F. 

23. The assembly of claim 22, wherein: ! 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 

abont 10-80 degrees with respect to the longtaBnal a^of said hase 

pipe. ' 

24. An expandable filter assembly for downhole use, comprising: 

• a base, pipe having an inside surface, a longitadinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis:of said base 
pipe. • 

25. The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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